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@  Tris-organophosphite  compositions  having  improved  hydrolytic  stability 
@  Tris-organophosphite  compositions  are  provided  having  one  of  R4,  R, 
an  improved  hydrolytic  stability,  comprising  carbon  ator 

(1)  a  tris-organophosphite  of  the  formula:  selected  frc 
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one  of  R4,  R5  and  R6  is  an  aliphatic  group  having  at  least  ten 
carbon  atoms,  and  the  remaining  of  R4,  R5  and  R6  are 
selected  from  hydrogen,  alkyl  having  from  one  to  four 
carbon  atoms  and  hydroxyalkyl;  and  preferably  at  least  one 
of  R4,  R5  and  R6  is  hydroxyalkyl. 
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wherein: 
Ri,  R2  and  R3  are  selected  from  the  group  consisting  of 

alkyl,  alkenyl,  aryl,  alkylaryl  and  aralkyl  groups  together 
aggregating  at  least  fourteen  carbon  atoms  up  to  about  sixty 
carbon  atoms;  and 

(2)  a  long-chain  aliphatic  amine  in  an  amount  to  improve 
the  hydrolytic  stability  of  the  phosphite  and  having  the 
formula: 

R4  -  N 

wherein: 
R4,  R5  and  RB  are  selected  from  the  group  consisting  of 

hydrogen;  aliphatic  (including  alkyl  and  alkenyl)  groups 
having  from  one  to  about  thirty-six  carbon  atoms;  and 
hydroxyalkyl  having  from  two  to  about  six  carbon  atoms; 
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Many  o r g a n i c   p h o s p h i t e s   have  b e e n   p r o p o s e d   a s  

s t a b i l i z e r s   f o r   p o l y v i n y l   c h l o r i d e   r e s i n s ,   and   a r e   e m p l o y e d  

e i t h e r   a l o n e   or  in  c o n j u n c t i o n   with  o t h e r   s t a b i l i z i n g  

c o m p o u n d s ,   s u c h   as   p o l y v a l e n t   m e t a l   s a l t s   of  f a t t y   a c i d s  

and   a l k y l   p h e n o l s .   Such   p h o s p h i t e   s t a b i l i z e r s   n o r m a l l y  

c o n t a i n   a l k y l   or   a r y l   r a d i c a l s   in  s u f f i c i e n t   n u m b e r   to  s a t i s f y  

the   t h r e e   v a l e n c e s   of  the  p h o s p h i t e ,   and  t y p i c a l   p h o s p h i t e s  

a r e   d e s c r i b e d   in  the  p a t e n t   l i t e r a t u r e ,   f o r   e x a m p l e ,  

W.  L e i s t n e r   et  al,  U.  S.  P a t e n t s   Nos .   2 ,  5 6 4 ,  6 4 6   o f  

A u g u s t   14,  1951,  2 ,  716 ,  092   of  A u g u s t   23,  1955  a n d   2 ,  9 9 7 ,  4 5 4  

of  A u g u s t   2,  1 9 6 1 .  

O r g a n i c   p h o s p h i t e s   have  a l s o   b e e n   a d d e d   as  s t a b i l i z e r s  

in  a m o u n t s   of  0 . 0 1   to  1%,  p r e f e r a b l y   0 . 0 5 %   to  0 . 2 %   b y  

w e i g h t ,   to  high  m o l e c u l a r   w e i g h t   p o l y c a r b o n a t e   p l a s t i c s ,   f o r  

e x a m p l e   the  p o l y c a r b o n a t e   of  2 , 2 ' - b i s ( 4 - h y d r o x y p h e n y l )  

p r o p a n e .  

P h o s p h i t e s   a r e   a l s o   e m p l o y e d   in  c o n j u n c t i o n   w i t h  

o t h e r   s t a b i l i z e r s   s u c h   as  a  p o l y h y d r i c   p h e n o l   in  t h e  

s t a b i l i z a t i o n   of  p o l y p r o p y l e n e   and  o t h e r   s y n t h e t i c   r e s i n s  

a g a i n s t   d e g r a d a t i o n   upon   h e a t i n g   or  a g e i n g   u n d e r   a t m o s p h e r i c  

c o n d i t i o n s .   The   p o l y h y d r i c   pheno l   is  t h o u g h t   to  f u n c t i o n  a s  

an  a n t i o x i d a n t   in  s u c h   c o m b i n a t i o n s .  



The  i m p o r t a n c e   of  o r g a n i c   p h o s p h i t e s   as   s t a b i l i z e r s  

fo r   s y n t h e t i c   r e s i n s   has  led  to  the  d e v e l o p m e n t   of  a  l a r g e  

v a r i e t y   of  s p e c i a l   p h o s p h i t e s   i n t e n d e d   to  p r o v i d e   i m p r o v e d  

s t a b i l i z i n g   e f f e c t i v e n e s s   and  c o m p a t i b i l i t y   and   e a s e   o f  

c o m p o u n d i n g   with  the  r e s i n   and  with  o t h e r   s t a b i l i z e r s  

c o m m o n l y   u s e d .  

A m o n g   t h e s e   s p e c i a l   p h o s p h i t e s ,   L.  F r i e d m a n ,   U . S .  

P a t e n t   N o .  3 ,   047,  608  of  Ju ly   31,  1962  d i s c l o s e s   a  c l a s s   o f  

s p i r o - b i p h o s p h i t e s   hav ing   the  f o r m u l a :  

in  w h i c h   R1  a n d  R 2  a r e   a l k y l   or  a r y l .  

H e c h e n b l e i k n e r ,   U. S.  P a t e n t   N o .  4 ,  2 9 0 ,  9 7 6 ,  

p a t e n t e d   S e p t e m b e r   22,  1981,  s t a t e s   t ha t   d i a l k y l   p e n t a e r y t h r i t o l  

d i p h o s p h i t e s   hav ing   the  s t r u c t u r a l   f o r m u l a  

w h e r e   R  and  R  a r e   a l ky l   g r o u p s   have  b e e n   k n o w n   fo r   s o m e  

t i m e   as  e f f e c t i v e   s t a b i l i z e r s   for   v inyl   p o l y m e r s .   T h e y   h a v e  

b e e n   u s e d   p r i m a r i l y   to  s t a b i l i z e   v inyl   c h l o r i d e   p o l y m e r s   a n d  

p o l y o l e f i n s ,   but  have  found  use  a l s o   in  the  s t a b i l i z a t i o n   o f  

s t y r e n e   p o l y m e r s   s u c h   as  A B S .  



H o w e v e r ,   t h e s e   d i a l k y l   p e n t a e r y t h r i t o l   d i p h o s p h i t e s  

have  not  b e e n   c h a r a c t e r i z e d   by  good  h y d r o l y t i c   s t a b i l i t y .   I n  

a  m o i s t   e n v i r o n m e n t   they  tend  to  u n d e r g o   h y d r o l y t i c  

d e c o m p o s i t i o n ,   with  a  c o r r e s p o n d i n g   loss   of  p o l y m e r -  

s t a b i l i z i n g   e f f e c t i v e n e s s .   A t t e m p t s   to  s o l v e   t h i s   p r o b l e m   o f  

h y d r o l y s i s   have  u t i l i z e d   a d d i t i v e s   and  t h e s e   h a v e   b e e n  

s o m e w h a t   s u c c e s s f u l ,   but   the  p r o b l e m   r e m a i n s ,   a c c o r d i n g  

to  H e c h e n b l e i k n e r .  

Hodan   and  S c h a l l ,   U.  S.  P a t e n t   N o .  3 ,  5 5 3 ,  2 9 8 ,  

p a t e n t e d   J a n u a r y   5,  1971  s u g g e s t e d   tha t   the  h y d r o l y t i c  

s t a b i l i t y   of  p h o s p h i t e   e s t e r s   of a  wide  c l a s s   c o u l d   be  i m p r o v e d  

by  c o m b i n a t i o n   t h e r e w i t h   of  an  a d d i t i v e   tha t   is  n i t r o g e n -  

c o n t a i n i n g   and  s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   o f  

h e t e r o c y c l i c   a l ky l   n i t r o g e n   c o m p o u n d s ,   s u c h   as   t y p i c a l l y  

p i p e r i d i n e ,   p y r r o l i d i n e ,   p i p e r a z i n e ,   d i k e t o p i p e r a z i n e ,  

p i c o l i n e ,   a n t h r a q u i n o l i n e ,   N - m e t h y l  p y r r o l i d i n e ,   t h i a z o l e ,  

o x a z o l i d i n e ,   i s o o x a z o l i d i n e ,   and  o x d i a z o l e ;   a r o m a t i c  

h e t e r o c y c l i c   n i t r o g e n   c o m p o u n d s ,   such   as  t y p i c a l l y   o x a z o l i n e ,  

i s o x a z o l i n e ,   t h i o t r i a z o l e ,   p y r i d i n e ,   p i c o l i n e ,   p y r r o l e ,   a n d  

q u i n o l i n e ;   d i a l k a n o l a m i n e s   such   as  t y p i c a l l y   d i i s o p r o p a n o l  

a m i n e ,   d i e t h a n o l   a m i n e ,   t e t r a e t h a n o l   e t h y l e n e   d i a m i n e ,   a n d  

t e t r a i s o p r o p a n o l   e t h y l e n e   d i a m i n e ;   t r i a l k a n o l   a m i n e s   s u c h  

as  t y p i c a l l y   t r i i s o p r o p a n o l   a m i n e ,   and  t r i e t h a n o l   a m i n e ;  

a m m o n i a ;   and  a lky l   a m i n e s   such   as  t r i e t h y l   a m i n e ,   d i m e t h y l  



a m i n e ,   and  t r i p r o p y l  a m i n e .  

The   s t a b i l i z e r   is  n o r m a l l y   e m p l o y e d   in  f r o m   a b o u t  

0 . 0 1 %   to  abou t   5%  by  w e i g h t   of  the  p h o s p h i t e   e s t e r ,   p r e f e r a b l y  

f r o m  a b o u t   0 . 2 %   to  abou t   1 % .  

Y o r k ,   U .S .   P a t e n t  N o .   4 , 1 1 6 , 9 2 6 ,   p a t e n t e d  

S e p t e m b e r   26,  1978  found  t r i i s o p r o p a n o l a m i n e   to  be  a  

p a r t i c u l a r l y   e f f e c t i v e   s t a b i l i z e r   for   d i a l k y l p e n t a e r y t h r i t o l  

d i p h o s p h i t e s   and  p o l y a l k y l   b i s p h e n o l - A .   p o l y p h o s p h i t e s .  

The  d i a l k y l p e n t a e r y t h r i t o l   d i p h o s p h i t e s   have  t h e  

s t r u c t u r a l   f o r m u l a :  

w h e r e   R  and  R'  a r e   a l k y l   g r o u p s .   The   p o l y a l k y l   b i s p h e n o l - A  

p o l y p h o s p h i t e s   have  the  s t r u c t u r a l   f o r m u l a :  

w h e r e   A  and  B  a r e   e a c h   HOC6H4C(CH3)2C6H4O  or   RO.  R  i s  

a l k y l   and  n  i s  1   to  5 .  

M o s t   a lky l   and  a l k y l a r y l   p e n t a e r y t h r i t o l - s p i r o - b i s  

p h o s p h i t e s   h a v i n g   f o u r t e e n   or  m o r e   c a r b o n   a t o m s   in  the  a lky l   o r  

a l k y l a r y l   g r o u p s   and  i n d e e d   even   p e n t a e r y t h r i t o l - s p i r o - b i s  

p h o s p h i t e   i t s e l f   a r e   s o l i d   m a t e r i a l s .   W h e n   t h e i r   m e l t i n g   point   is  a b o v e  

4 0 ° C ,   they  a r e   r e a d i l y   r e d u c e d   to  p a r t i c u l a t e   f o r m ,   and  t h e r e f o r e  



a r e   e a s i l y   b l e n d e d   with  o t h e r   sol id  s t a b i l i z e r s   for   c o m b i n a t i o n  

wi th   s y n t h e t i c   r e s i n s .   When   h o w e v e r   t r i i s o p r o p a n o l a m i n e   is  u s e d  

to  i m p r o v e   h y d r o l y t i c   s t a b i l i t y ,   the  d e s i r a b l e   q u a l i t i e s   of  t h e s e  

p e n t a e r y t h r i t o l - s p i r o - b i s - p h o s p h l t e s   as   an  e a s i l y - h a n d l e d  

p a r t l c u l a t e   so l id   m a t e r i a l   a r e   los t ,   and  the  m a t e r i a l   is  c o n v e r t e d  

into  a  s t i cky   so l id   t ha t   is  r a t h e r   d i f f i cu l t   to  w o r k  w i t h .   It  is  n o t  

r e a d i l y   r e d u c e d   to  p a r t i c u l a t e   f o r m ,   and   when   in  p a r t i c u l a t e   f o r m  

t e n d s   to  a g g l o m e r a t e   wi th   i t s e l f   and  with  o t h e r   m a t e r i a l s   tha t   a r e  

sough t   to  be  b l e n d e d   t h e r e w i t h ,   in  f o r m u l a t i n g   m u l t i c o m p o n e n t  

s t a b i l i z e r   s y s t e m s .  

In  a c c o r d a n c e   wi th   S e r i a l   No.  5 4 2 , 9 2 3   f i l ed   N o v e m b e r   2 8 ,  

1983,   l o n g - c h a i n   a l i p h a t i c   a m i n e s   a r e   shown  to  be  e f f e c t i v e   i n  

i m p r o v i n g   t h e _ h y d r o l y t i c   s t a b i l i t y   of  p e n t a e r y t h r i t o l - s p i r o - b i s -  

p h o s p h i t e s ,   and  in  a d d i t i o n   a r e   r e a d i l y   f o r m u l a t e d   t h e r e w i t h   t o  

f o r m   n o n s t i c k y   so l i d   c o m p o s i t i o n s   tha t   a r e   r e a d i l y   r e d u c e d   t o  

p a r t i c u l a t e   f o r m ,   and  can   e a s i l y   be  b l e n d e d   wi th   o t h e r   s t a b i l i z e r s  

and  with  s y n t h e t i c   r e s i n s ,   t hus   o v e r c o m i n g   the  s t i c k i n e s s   p r o b l e m  

i n h e r e n t   in  the  u se   of  t r i i s o p r o p a n o l a m i n e .  

The  p e n t a e r y t h r i t o l - s p i r o - b i s - p h o s p h i t e   c o m p o s i t i o n s   o f  

S e r i a l   No.  542,  923  h a v i n g   an  i m p r o v e d   h y d r o l y t i c   s t a b i l i t y   c o n s i s t  

e s s e n t i a l l y   o f  

(1)  a  p e n t a e r y t h r i t o l - s p i r o - b i s - p h o s p h i t e   h a v i n g   t h e  

f o r m u l a :  



w h e r e i n :  

RI  a n d  R 2  a r e   s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   o f  

a l k y l   and  a l k y l a r y l   g r o u p s   h a v i n g   at  l e a s t   f o u r t e e n   c a r b o n   a t o m s  

up  to  a b o u t   t h i r t y - s i x   c a r b o n   a t o m s ;   a n d  

(2)  a  l o n g - c h a i n   a l i p h a t i c   a m i n e   in  an  a m o u n t   to  i m p r o v e  

the  h y d r o l y t i c   s t a b i l i t y   of  the  p h o s p h i t e   and  h a v i n g   the  f o r m u l a :  

w h e r e i n :  

R4,  R5 and  R6  a r e   s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   o f  

h y d r o g e n ;   a l i p h a t i c   ( i n c l u d i n g   a l k y l   and  a l k e n y l )   g r o u p s   h a v i n g  

f r o m   one  to  abou t   t h i r t y - s i x   c a r b o n   a t o m s ;   and  h y d r o x y a l k y l  

h a v i n g   f r o m   two  to  abou t   s ix  c a r b o n   a t o m s ;   one  of  R4,  R5  and  R6 

is  an  a l i p h a t i c   g roup   h a v i n g   at  l e a s t   f o u r t e e n   c a r b o n   a t o m s ,   a n d  

the  r e m a i n i n g   R4,  R5  and  R6  a r e   s e l e c t e d   f r o m   h y d r o g e n ,   a l k y l  

h a v i n g   f r o m   one  to  four   c a r b o n   a t o m s   and  h y d r o x y a l k y l ;   a n d  

p r e f e r a b l y   at  l e a s t   one  of  R4,  R5  and  R6  is  h y d r o x y a l k y l .  



In  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   it  h a s   b e e n  

d e t e r m i n e d   t ha t   such  l o n g - c h a i n   a l i p h a t i c   a m i n e s   a l s o   i m p r o v e  

the  s t a b i l i t y   of  t r i s - o r g a n p p h o s p h i t e s   of  the  f o r m u l a :  

w h e r e i n :  

Rl,  R2  and  R3  a r e   s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   of  a l k y l ,  

a l k e n y l ,   a r y l ,   a l k y l a r y l   and  a r a l k y l   g r o u p s   t o g e t h e r   a g g r e g a t i n g   a t  

l e a s t   f o u r t e e n   c a r b o n   a t o m s   up  to  abou t   s ix ty   c a r b o n   a t o m s .  

The   i m p r o v e m e n t   in  h y d r o l y t i c   s t a b i l i t y   of  the  t r i s - o r g a n o -  

p h o s p h i t e   is  e v i d e n t   wi th   the  a d d i t i o n   of  even  s m a l l   a m o u n t s ,   a s  

l i t t l e   a s   0 . 1 % ,   of  the  a l i p h a t i c   a m i n e .   The   i m p r o v e m e n t   i n c r e a s e s  

wi th   the  a m o u n t   of  a m i n e   a d d e d .   In  m o s t   i n s t a n c e s   a m o u n t s   w i t h i n  

the  r a n g e   f r o m   abou t   2%  to  a b o u t  3 . 5 %   and   even   up  to  a b o u t   1 0 %  

of  the  a m i n e   give  a d e q u a t e   h y d r o l y t i c   s t a b i l i t y   for   n o r m a l   u s e .  

Such  a m o u n t s   a r e   t h e r e f o r e   p r e f e r r e d .   L a r g e r   a m o u n t s   of  a m i n e  

can  be  u s e d   but   t end   to  be  w a s t e f u l   and   u n e c o n o m i c .  

E x e m p l a r y   R4,  R5  and  R 6  a l k y l   g r o u p s   in  the  a m i n e s   i n c l u d e ,  

for  e x a m p l e ,   m e t h y l ,   e thy l ,   p r o p y l ,   i s o p r o p y l ,   bu ty l ,   s e c o n d a r y  

bu ty l ,   t e r t i a r y   bu ty l ,   i s o b u t y l ,   a m y l ,   i s o a m y l ,   s e c o n d a r y   a m y l ,  

2 , 2 - d i m e t h y l   p r o p y l ,   t e r t i a r y   a m y l ,   h e x y l ,   i s o h e x y l ,   h e p t y l ,  

oc ty l ,   2 - e t h y l   h e x y l ,   i s o o c t y l ,   nonyl ,   i s o n o n y l ,   d e c y l ,   i s o d e c y l  



and  l a u r y l .   The   f o l l o w i n g   a r e   a l so   e x e m p l a r y   of  R1,  R2  and  R3  i n  

the  p h o s p h i t e   a s   we l l   as   R4,  R5  and R6  in  the  a m i n e s :   m y r i s t y l ,  

p a l m i t y l ,   s t e a r y l ,   o l ey l ,   e i c o s y l ,   b e h e n y l ,   t r i c o s y l ,   t e t r a c o s y l ,   o c t a -  

c o s y l ,   n o n a c o s y l ,   t r i a c o n t y l ,   h e n t r l a c o n t y l ,   t r i t r i a c o n t y l ,   a n d   h e x a t r i a -  

c o n t y l .  

R1, R2  and  R3  a l k a r y l   and  a r a l k y l   g r o u p s   i n  t h e   p h o s p h i t e  

i n c l u d e   b e n z y l ,   p h e n e t h y l ,   p h e n y l p r o p y l ,   p h e n y l b u t y l ,   p h e n y l a m y l ,  

p h e n y l o c t y l ,   p h e n y l n o n y l ;   m e t h y l p h e n y l ,   e t h y l p h e n y l ,   p r o p y l p h e n y l ,  

b u t y l p h e n y l ,   a m y l p h e n y l ,   t e r t - b u t y l   p h e n y l ,   t e r t - a m y l   p h e n y l ,   h e x y l  

p h e n y l ,   o c t y l p h e n y l ,   2 , 6 - d i - t - b u t y l - 4 - m e t h y l p h e n y l ,   2 , 6 - d i - t - b u t y l -  

- 4 - ( m e t h y o x y c a r b o n y l e t h y l   p h e n y l ,   i s o o c t y l p h e n y l ,   t - o c t y l p h e n y l ,  

n o n y l p h e n y l ,   2 , 4 - d i - t - b u t y l p h e n y l ,   b e n z y l p h e n y l   a n d   p h e n e t h y l p h e n y l .  

T r i s   o r g a n o p h o s p h i t e s  i n c l u d e   t r i s - n o n y l   p h e n y l   p h o s p h i t e ,  

n o n y l p h e n y l   d i - i s o p r o p y l   p h o s p h i t e   t r i - 2 - e t h y l h e x y l   p h o s p h i t e ,   t r i -  

i s o d e c y l   p h o s p h i t e ,   t r i s - h e x a d e c y l   p h o s p h i t e ,   t r i s - s t e a r y l   p h o s p h i t e ,  

d i p h e n y l   i s o o c t y l   p h o s p h i t e ,   d i - i s o d e c y l   pheny l   p h o s p h i t e ,   t r i s ( 2 , 4 -  

d i - t - b u t y l p h e n y l )   p h o s p h i t e ,   t r i s - ( 2 , 6 - d i - t - b u t y l p h e n y l )   p h o s p h i t e ,  

t r i s - ( 2 - t - b u t y l - 4 - m e t h y l p h e n y l )   p h o s p h i t e ,   b i s - ( 2 , 4 - d i - t - b u t y l - 6 -  

m e t h y l p h e n y l )   o c t y l p h e n y l   p h o s p h i t e ,   b i s ( 2 , 4 - d i - t - b u t y l - 6 - m e t h y l -  

pheny l )   n o n y l p h e n y l   p h o s p h i t e ,   b i s - ( 2 , 6 , d i - t - b u t y l - 4 - m e t h y l p h e n y l )  

pheny l   p h o s p h i t e ,   b i s ( 2 , 6 - d i - t - b u t y l - 4 - e t h y l p h e n y l )   o c t y l   p h o s p h i t e ,  

n o n y l p h e n y l   2 , 6 ,   d i - t - b u t y l - 4 - m e t h y l p h e n y l - 2 , 6 - d i - t - b u t y l p h e n y l  

p h o s p h i t e ,   o c t y l  2 , 6 - d i - t - b u t y l - 4 - m e t h y l p h e n y l  2 , 4 - d i - t - b u t y l p h e n y l  

p h o s p h i t e ,   d o d e c y l   2 , 6 - d i - t - b u t y l - 4 - m e t h y l p h e n y l - 2 , 4 - d i - t - o c t y l -  

phenyl   p h o s p h i t e ,   t r i s ( 2 , 6 - d i - t - a m y l - 4 - m e t h y l p h e n y l   p h o s p h i t e ,  



b i s ( 2 , 6 - d i - t - a m y l - 4 - m e t h y l p h e n y l )   pheny l   p h o s p h i t e ,   b i s ( 2 ,  6 - d i -  

t - o c t y l - 4 - m e t h y l p h e n y l )   n o n y l p h e n y l   p h o s p h i t e ,   t r i - i s o a m y l   p h o s p h i t e ,  

t r i p h e n y l   p h o s p h i t e ,   t r i - n - h e x y l   p h o s p h i t e ,   and  i s o d e c y l   d i e t h y l  

p h o s p h i t e .  

The   t r i s - o r g a n o p h o s p h i t e / l o n g - c h a l n   a l i p h a t i c   a m i n e  

c o m p o s i t i o n s   of  the  i n v e n t i o n   can  be  p r e p a r e d   by  b l e n d i n g   t h e  

t r i s - o r g a n o p h o s p h i t e   and  long  c h a i n   a l i p h a t i c   a m i n e   in  any  c o n v e n -  

len t   m a n n e r .   L iqu id   p h o s p h i t e s   can  be  b l e n d e d   w i th   the  a l i p h a t i c  

a m i n e   at  a m b i e n t   t e m p e r a t u r e   or  w a r m e d   gent ly   to  d i m i n i s h  

v i s c o s i t y   and   s p e e d   up  m i x i n g .   When   the  p h o s p h i t e   is  s o l i d   a t  

a m b i e n t  t e m p e r a t u r e   and  m o l t e n   be low  abou t   1 1 0 ° C ,   the  a l i p h a t i c  

a m i n e   is  c o n v e n i e n t l y   m i x e d   into  the  m e l t   b e f o r e   a l l o w i n g   t h e  

c o m p o s i t i o n   t o   s o l i d i f y .  A   r e l a t i v e l y   high  m e l t i n g   p h o s p h i t e   c a n  

be  b l e n d e d   wi th   the  a m i n e   wi th   t h e  a s s i s t a n c e  o f   a  m u t u a l   s o l v e n t  

such   a s   t o l u e n e   or  i s o p r o p a n o l .   A l t e r n a t i v e l y ,   the  p a r t i c u l a t e  

p h o s p h i t e   can   be  t u m b l e d   or  a g i t a t e d   with  the  a l i p h a t i c   a m i n e   i n  

m o l t e n   or  p a r t i c u l a t e   f o r m .  

C o m p l e t e   h o m o g e n i z a t i o n   of  the  p h o s p h i t e   a n d   a m i n e  

c o m p o s i t i o n   is  not  e s s e n t i a l .   In  f ac t ,   a  c o n d i t i o n   in  w h i c h   a  l a r g e  

p a r t   of  the  a l i p h a t i c   a m i n e   is  c o n c e n t r a t e d   at  or  n e a r   the  s u r f a c e  

of  s o l i d   p h o s p h i t e   p a r t i c l e s   as   in  a  c o a t i n g   or  e n c a p s u l a t i o n  

d e s i r a b l y   m a x i m i z e s   the  e f f e c t i v e n e s s   of  the  a m i n e   w h e n   u s e d   i n  

m o d e s t   c o n c e n t r a t i o n s ,   such   as   5%  by  w e i g h t   of  the   p h o s p h i t e .  

E x e m p l a r y   a lky l   m o n o a l k a n o l   a m i n e s ,   w h i c h   a r e   a  p r e -  

f e r r e d   c l a s s   of  a l i p h a t i c   a m i n e s ,   i n c l u d e   p a l m i t y l   e t h a n o l a m i n e ,  



l a u r y l   e t h a n o l a m i n e ,   i s o d e c y l   e t h a n o l a m i n e ,   s t e a r y l   e t h a n o l a m i n e ,  

o ley l   e t h a n o l a m i n e ,   m y r i s t y l   e t h a n o l a m i n e ,   b e h e n y l   e t h a n o l a m i n e ,  

and  e i c o s y l   e t h a n o l a m i n e ;   s t e a r y l   p r o p a n o l a m i n e ,   p a l m i t y l   p r o -  

p a n o l a m i n e ,   d i s t e a r y l   m o n o e t h a n o l a m i n e ,   d i p a l m i t y l   m o n o e t h a n o l -  

a m i n e ,   d i m y r i s t y l   m o n o e t h a n o l a m i n e ,   and   m y r i s t y l   p r o p a n o l a m i n e .  

E x e m p l a r y   a lky l   d i a l k a n o l   a m i n e s ,   w h i c h   a r e   a l s o   a  p r e -  

f e r r e d   c l a s s   of  a l i p h a t i c   a m i n e s ,   i n c l u d e  p a l m i t y l   d i e t h a n o l a m i n e ,  

s t e a r y l   d i e t h a n o l a m i n e ,   o ley l   d i e t h a n o l a m i n e ,   m y r i s t y l   d i e t h a n o l -  

a m i n e ,   b e h e n y l   d i e t h a n o l a m i n e ,   e i c o s y l   d i e t h a n o l a m i n e ;   s t e a r y l  

d i p r o p a n o l a m i n e ,   p a l m i t y l   d i p r o p a n o l a m i n e ,   m y r i s t y l   d i p r o p a n o l -  

a m i n e ,   n - d e c y l   d i e t h a n o l a m i n e ,   and  l a u r y l   d i e t h a n o l a m i n e .  

E x e m p l a r y   t r i a l k y l   a m i n e s   i n c l u d e   s t e a r y l   d i e t h y l a m i n e ,  

m y r i s t y l   d i e t h y l a m i n e ,   p a l m i t y l   d i e t h y l a m i n e ,   s t e a r y l   d e c y l   o c t y l  

a m i n e ,   s t e a r y l   bu ty l   d e c y l   a m i n e ,   d i s t e a r y l   e t h y l a m i n e ,   d i p a l m i t y l  

p r o p y l a m i n e ,   b e h e n y l   d i m e t h y l a m i n e   and  i s o d e c y l   d i b u t y l a m i n e .  

E x e m p l a r y   d i a l k y l   a m i n e s   i n c l u d e   s t e a r y l   e t h y l   a m i n e ,  

m y r i s t y l   e thy l   a m i n e ,   p a l m i t y l   e thy l   a m i n e ,   s t e a r y l   d e c y l   a m i n e ,  

s t e a r y l   b u t y l   a m i n e ,   s t e a r y l   m e t h y l  a m i n e ,   p a l m i t y l   p r o p y l   a m i n e ,  

b e h e n y l   m e t h y l   a m i n e ,   and  e i c o s y l   m e t h y l   a m i n e .  

E x e m p l a r y   m o n o a l k y l   a m i n e s   i n c l u d e   s t e a r y l   a m i n e ,  

m y r i s t y l   a m i n e ,   p a l m i t y l   a m i n e ,   o l ey l   a m i n e ,   and   b e h e n y l   a m i n e .  

The   f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t r i s - o r g a n o p h o s p h i t e  

c o m p o s i t i o n s   h a v i n g   an  i m p r o v e d   h y d r o l y t i c   s t a b i l i t y   in  a c c o r d a n c e  

wi th   the  i n v e n t i o n .  



E x a m p l e s   1  to  4  

To  t r i s - n o n y l p h e n y l   p h o s p h i t e   w a s   a d d e d   N - t a l l o w   d i e t h a n o l -  

a m i n e   (90%  C - 1 8 ,   b a l a n c e   m a i n l y   C-16)   in  the  a m o u n t s   l i s t e d   i n  

T a b l e   I  b e low .   H o m o g e n e o u s   l iquid   b l e n d s   w e r e   o b t a i n e d   in  e a c h  

E x a m p l e .  

The   h y d r o l y t i c   s t a b i l i t y   of  the  p h o s p h i t e   c o m p o s i t i o n s   w a s  

d e t e r m i n e d   in  t e r m s   of  the  d a y s   r e q u i r e d   for  50%  d e c o m p o s i t i o n   t o  

o c c u r   as   a  1. 5  g r a m   s a m p l e   of  each   p h o s p h i t e   c o m p o s i t i o n   w a s  

e x p o s e d   in  a  h u m i d i t y   c h a m b e r   at  100%  r e l a t i v e   h u m i d i t y .   T h e  

e x p o s e d   p h o s p h i t e   c o m p o s i t i o n   was   s a m p l e d   p e r i o d i c a l l y   a n d  

a n a l y z e d   by  l i qu id   c h r o m a t o g r a p h y .   The  f o l l o w i n g   p r o c e d u r e   w a s   u s e d .  

A  h u m i d i t y   c h a m b e r   was   set  up  u s i n g   a  l a r g e   d e s i c c a t o r  

(SGA  No.  1 2 3 0 ,   250  m m )   wi th   d o u b l e - t i e r e d   p l a t e s .   In  the  d e s i -  

c c a t o r ' s   we l l   w e r e   put   1500  ml  of  w a t e r   to  ob t a in   100%  R H .  

In  a l u m i n u m   w e i g h i n g   d i s h e s   (SGA  No.  9000)  t h e r e   was   p l a c e d  

the  i n d i c a t e d   q u a n t i t y   of  the  c o m p o s i t i o n   and ,   at  a  t i m e   z e r o ,   t h e  

d i s h e s   w e r e   p l a c e d   i n s i d e   the  h u m i d i t y   c h a m b e r .   S i m u l t a n e o u s l y ,  

a  LC  a n a l y s i s   w a s   r u n   at  t i m e   z e r o .   L a t e r ,   on  w i t h d r a w i n g   s a m p l e s  

for   s e q u e n t i a l   LC  a n a l y s e s .   the  c o m p o s i t i o n   w a s   t h o r o u g h l y   m i x e d  

i n s i d e   the  a l u m i n u m   d i sh   u s i n g   a  s p a t u l a ,   b e f o r e   w i t h d r a w i n g   t h e  

a c t u a l   s a m p l e .  

In  a  2 - g r a m   v ia l   (SGA  No.  5250)  t h e r e   w e r e   w e i g h e d  

a c c u r a t e l y   20  mg  of  s a m p l e ,   a l so   a  m i c r o m a g n e t i c   s t i r r i n g   b a r  

and  5  ml.  ( a c c u r a t e l y   m e a s u r e d )   of  the  LC  s o l v e n t   u s e d   (see  b e l o w ) .  

The   m i x t u r e   w a s   s t i r r e d   for   10  m i n u t e s   on  a  m a g n e t i c   s t i r r i n g  



pla te   and  f i l t e r e d   u s i n g   a  S a m p l e   C l a r i f i c a t i o n   Kit  ( W a t e r s   c a t a l o g  

No.  26865) .   E x a c t l y   10  m c l   of  the  f i l t e r e d   s o l u t i o n   w a s   i n j e c t e d  

u s i n g   the  LC  p a r a m e t e r s   i n d i c a t e d   b e l o w .  

L iqu id   C h r o m a t o g r a p h y  

LC  r u n s   w e r e   c a r r i e d   out  u s i n g   a  d u P o n t   m o d i f i e d - s i l i c a  

Z o r b a x - C N   c o l u m n   ( d u P o n t   No.  8 5 0 9 5 2 - 7 0 5 ) .   S o l v e n t ,   a  1 0 - 1  

(v-v)   m i x t u r e   of  i s o o c t a n e - T H F   (LC  g r a d e ) ,   p u m p e d   a t   the  r a t e  

of  1  m l / m l n .   C h a r t   s p e e d :   0.  5 " / m i n .  ;   d e t e c t o r s :   R e f r a c t i v e  

I n d e x  a t t .   x  4  and   U. V.  (254  n m )   at  a t t .   x  0 .1   A U F S .  

C a l c u l a t i o n s  

All  c a l c u l a t i o n s   w e r e   c a r r i e d   out  on  the   RI  t r a c e   o b t a i n e d .  

P e a k   h e i g h t s   w e r e   m e a s u r e d   ( in  m m . )   f r o m   the  b a s e   l ine .   A  

' R e s p o n s e   f a c t o r ,   f"  w a s   c a l c u l a t e d   for   e a c h  p e a k ,   u s i n g   t h i s  

e q u a t i o n  

T h i s   e q u a t i o n   a p p l i e s   only  when   the  w e i g h t   is  d i s s o l v e d   i n  

5 - m l .   of  s o l v e n t   and  10  mc l .   a r e   i n j e c t e d .  

The   c h a n g e   of  "f"   with  t i m e   was   f o l l o w e d .   A f t e r   t o t a l  

h y d r o l y s i s ,   the  f  v a l u e s   w e r e   n o r m a l i z e d ,   a s s i g n i n g   a  va lue   o f  

100  to  the  f  va lue   for  the  s a m p l e   at  t i m e   z e r o .   T h e   n o r m a l i z e d  

v a l u e s   w e r e   p l o t t e d   vs.   t i m e   (in  h o u r s   or  d a y s   a s   i n d i c a t e d )   t o  

o b t a i n   the  50%  d e c o m p o s i t i o n   t i m e .  



T h e   f o l l o w i n g   r e s u l t s   w e r e   o b t a i n e d :  

As   s h o w n   in  T a b l e   I,  the  i m p r o v e m e n t   in  h y d r o l y t i c  

s t a b i l i t y   w a s   c o m m e n s u r a t e   with  the  a m o u n t   of  a m i n e   a d d i t i v e .  

E x a m p l e   1,  the  c o m p o s i t i o n   c o n t a i n i n g   1%  N - n - o c t a d e c y l   d i e t h a n o l -  

a m i n e ,   gave   a  h y d r o l y t i c   s t a b i l i t y   tha t   w a s   a d e q u a t e   to  n o r m a l   u s e .  

E x a m p l e   2,  the  c o m p o s i t i o n   c o n t a i n i n g   3%  of  the  a m i n e ,   g a v e  

g e n e r o u s   p r o t e c t i o n   even  for  e x t r e m e   c o n d i t i o n s .   E x a m p l e   3 ,  

the  c o m p o s i t i o n   c o n t a i n i n g   5%  a m i n e ,   and  E x a m p l e   4 ,  t h e  

c o m p o s i t i o n   c o n t a i n i n g   1%  a m i n e   t o g e t h e r   wi th   5%  e p o x i d i z e d  

s o y b e a n   oi l ,   gave   a  d r a m a t i c   f u r t h e r   i m p r o v e m e n t   in  h y d r o l y t i c  

s t a b i l i t y   a s   c o m p a r e d   to  the  c o m p o s i t i o n s   c o n t a i n i n g   1%  or  3 %  

of  the  a m i n e .  



T h e s e   r e s u l t s   a r e   far   s u p e r i o r   to  t hose   o b t a i n e d   u s i n g  

p r i o r   a r t   a d d i t i v e s .   To  the  s a m e   t r i s   n o n y l p h e n y l   p h o s p h i t e , u s e d  

in  E x a m p l e s   1  to  4  w e r e   a d d e d   the  a d d i t i v e s   shown  in  T a b l e   II  b e l o w :  

As   shown  by  c o m p a r i n g   the  r e s u l t s   of  T a b l e s   I  and   II,  t h e  

h y d r o l y t i c   s t a b i l i t y   of  the  p h o s p h i t e   h a s   been   d r a m a t i c a l l y   i m p r o v e d  

by  the  a d d i t i o n   of  long  c h a i n   a m i n e   in  a c c o r d a n c e   wi th   the  i n v e n t i o n .  

In  s e p a r a t e   e x p e r i m e n t s   it  ha s   b e e n   s h o w n   t ha t   t h e  

h y d r o l y t i c   s t a b i l i t y   of  t r i s - n o n y l p h e n y l   p h o s p h i t e   is   i n d e p e n d e n t  

of  e x p o s e d   s a m p l e   s i ze   in  the  r a n g e   f r o m   1  to  2  g r a m s .  



E x a m p l e s   5  to  11  

N - c o c o n u t - a l k y l   d i e t h a n o l a m i n e   (65%  C - 1 2 ,   b a l a n c e   m a i n l y  

C-14)   w a s   a d d e d   to  s a m p l e s   of  v a r i o u s   p h o s p h i t e s   in  the  a m o u n t s  

l i s t e d   in  T a b l e   III  b e l o w .   H o m o g e n e o u s   l i q u i d   b l e n d s   r e s u l t e d   i n  

e a c h   E x a m p l e .  

The   h y d r o l y t i c   s t a b i l i t y   of  the  p h o s p h i t e   c o m p o s i t i o n s   w a s  

d e t e r m i n e d   in  t e r m s   of  the  days   r e q u i r e d   for   50%  d e c o m p o s i t i o n  

to  o c c u r   as   15  g r a m   s a m p l e s   of  each   p h o s p h i t e   c o m p o s i t i o n   w e r e  

e x p o s e d   in  a  h u m i d i t y   c h a m b e r   at   100%  r e l a t i v e   h u m i d i t y .   E a c h  

e x p o s e d   p h o s p h i t e   c o m p o s i t i o n   was   s a m p l e d   p e r i o d i c a l l y   and  a n a l y z e d  

for   t r i v a l e n t   p h o s p h o r u s   P  (III)  by  t i t r a t i o n   m e a s u r i n g   the  c o n s u m p t i o n  

of  h y d r o g e n   p e r o x i d e   as   d e s c r i b e d   in  H e c k e r   U.  S .  3 ,  0 5 6 ,  8 2 4 .   I n  

th i s   t i t r a t i o n ,   e a c h   of  the  t r i p h o s p h i t e s   u s e d   c o n s u m e s   one  m o l e  

of  the  o x i d i z i n g   r e a g e n t   H2O2  pe r   mole   of  t r i p h o s p h i t e   wh i l e ,   o n  

the  o t h e r   h a n d ,   h y d r o l y t i c   f r a g m e n t s   such  a s   p h o s p h o r o u s   a c i d ,  

m o n o a l k y l   or   m o n o a r y l   p h o s p h i t e s ,   d i p h o s p h i t e s   e tc .   do  not  c o n s u m e  

the  o x i d i z i n g   r e a g e n t .   The   t i t r a t i o n ,   t h e r e f o r e ,   r e p r e s e n t s   a  

m e a s u r e   of  how  m u c h   of  the  s t a r t i n g   t r i p h o s p h i t e   h a s   been   p r e s e r v e d  

d u r i n g   the  e l a p s e d   t i m e   of  e x p o s u r e   to  100%  r e l a t i v e   h u m i d i t y .  

The   f o l l o w i n g   r e s u l t s   w e r e   o b t a i n e d :  



T h e   r e s u l t s   show  the  v e r y   c o n s i d e r a b l e   i m p r o   v e m e n t   in  h y d r o l y t i  

s t a b i l i t y   of  e a c h   p h o s p h i t e  w i t h   c o c o n u t - a l k y l d i e t h a n o l a m i n e   c o m p a r e d   t o  

the  s a m e   p h o s p h i t e   w i t h o u t   the  a m i n e .  



The   p h o s p h i t e   a m i n e   c o m p o s i t i o n s   of  the  i n v e n t i o n  

a r e   e f f e c t i v e , e s p e c i a l l y   in  c o m b i n a t i o n s   with  o t h e r   k n o w n  

s t a b i l i z e r s ,   in  e n h a n c i n g   the  r e s i s t a n c e   to  d e t e r i o r a t i o n   b y  

h e a t   and   l i g h t   of  p o l y v i n y l   c h l o r i d e   r e s i n s .   The   t e r m  

" p o l y v i n y l   c h l o r i d e "   as  u s e d   h e r e i n   is  i n c l u s i v e   of  any  p o l y m e r  

f o r m e d   at   l e a s t   in  p a r t   of  the   r e c u r r i n g   g r o u p :  

and  h a v i n g   c h l o r i n e   c o n t e n t   in  e x c e s s   of  40%.   I n  t h i s   g r o u p ,  

the   X  g r o u p s   can   e a c h   be  e i t h e r   h y d r o g e n   or  c h l o r i n e ,   and  n  

is  the   n u m b e r   of  s u c h   u n i t s   in  the  p o l y m e r   c h a i n .   In  p o l y v i n y l  

c h l o r i d e   h o m o p o l y m e r s ,   e a c h   of  the  X  g r o u p s   is  h y d r o g e n .  

T h u s ,   the   t e r m   i n c l u d e s   not   only  p o l y v i n y l   c h l o r i d e  

h o m o p o l y m e r s   but   a l s o   a f t e r - c h l o r i n a t e d   p o l y v i n y l   c h l o r i d e s  

as  a  c l a s s ,   fo r   e x a m p l e ,   t h o s e   d i s c l o s e d   in  B r i t i s h   P a t e n t  

No.   893 ,  288   and  a l so   c o p o l y m e r s   of  v iny l   c h l o r i d e   in  a  m a j o r  

p r o p o r t i o n   and  o t h e r   c o p o l y m e r i z a b l e   m o n o m e r s   in  a  m i n o r  

p r o p o r t i o n ,   such   as  c o p o l y m e r s   of  v iny l   c h l o r i d e   and  v i n y l  

a c e t a t e ,   c o p o l y m e r s   of  v iny l   c h l o r i d e   with  m a l e i c   or   f u m a r i c  



a c i d s   or  e s t e r s ,   and  c o p o l y m e r s   of  v iny l   c h l o r i d e   with  s t y r e n e .  

The   s t a b i l i z e r   c o m p o s i t i o n s   a re   e f f e c t i v e   a l s o   wi th   m i x t u r e s  

of  p o l y v i n y l   c h l o r i d e   in  a   m a j o r   p r o p o r t i o n   wi th   a  m i n o r  

p r o p o r t i o n   of  o t h e r   s y n t h e t i c   r e s i n s   s u c h   as  c h l o r i n a t e d  

p o l y e t h y l e n e   o r   a  c o p o l y m e r   of  a c r y l o n i t r i l e ,   b u t a d i e n e   a n d  

s t y r e n e .  

The   p h o s p h i t e   and  a m i n e   s t a b i l i z e r   c o m p o s i t i o n s   a r e  

a p p l i c a b l e   to  the  s t a b i l i z a t i o n   of  r i g i d   p o l y v i n y l   c h l o r i d e   r e s i n  

c o m p o s i t i o n s ,   t h a t   is,  r e s i n   c o m p o s i t i o n s   w h i c h   a r e  

f o r m u l a t e d   to  w i t h s t a n d   high  p r o c e s s i n g   t e m p e r a t u r e s ,   of  t h e  

o r d e r   of  3750  F  and  h i g h e r ,   as  we l l   as  p l a s t i c i z e d   p o l y v i n y l  

c h l o r i d e   r e s i n   c o m p o s i t i o n s   of  c o n v e n t i o n a l   f o r m u l a t i o n ,   e v e n  

t h o u g h   r e s i s t a n c e   to  hea t   d i s t o r t i o n   is  not   a  r e q u i s i t e .  

C o n v e n t i o n a l   p l a s t i c i z e r s   wel l   k n o w n   to  t h o s e   s k i l l e d   in  t h e  

a r t   can   be  e m p l o y e d ,   s u c h   as,   f o r   e x a m p l e ,   d i o c t y l   p h t h a l a t e ,  

oc ty l   d i p h e n y l   p h o s p h a t e   and  e p o x i d i z e d   s o y b e a n   o i l .  

P a r t i c u l a r l y   u s e f u l   p l a s t i c i z e r s   a r e   t h e   epoxy   h i g h e r  

e s t e r s   h a v i n g   f r o m   20  to  150  c a r b o n   a t o m s .   S u c h   e s t e r s  

wil l   i n i t i a l l y   have  had  u n s a t u r a t i o n   in  the  a l c o h o l   or  a c i d  

p o r t i o n   of  the   m o l e c u l e ,   which   is  t a k e n   up  by  the   f o r m a t i o n   o f  

the  epoxy  g r o u p .  

T y p i c a l   u n s a t u r a t e d   a c i d s   a r e   a c r y l i c ,   o l e i c ,   l i n o l e i c ,  

l i n o l e n i c ,   e r u c i c ,   r i c i n o l e i c ,   and  b r a s s i d i c   a c i d s ,   and  t h e s e  

may  be  e s t e r i f i e d   with.  o r g a n i c   m o n o h y d r i c   o r   p o l y h y d r i c  



a l c o h o l s ,   the   t o t a l   n u m b e r   of  c a r b o n   a t o m s   of  the  ac id   and   t h e  

a l c o h o l   b e i n g   w i t h i n   the  r a n g e   s t a t e d .   T y p i c a l   m o n o h y d r i c  

a l c o h o l s   i n c l u d e   bu ty l   a l c o h o l ,   2 ~ e t h y l   hexy l   a l c o h o l ,   l a u r y l  

a l c o h o l ,   i s o o c t y l   a l c o h o l   s t e a r y l  a l c o h o l ,   and  o l ey l   a l c o h o l .  

The  o c t y l   a l c o h o l s   a re   p r e f e r r e d .   T y p i c a l   p o l y h y d r i c   a l c o h o l s  

i n c l u d e   p e n t a e r y t h r i t o l ,   g l y c e r o l ,   e t h y l e n e   g lyco l ,   1 ,  2 - p r o p y -  

lene  g l y c o l ,   1,  4 - b u t y l e n e   g lyco l ,   n e o p e n t y l   g lyco l ,   r i c i n o l e y l  

a l c o h o l ,   e r y t h r i t o l ,   m a n n i t o l   and  s o r b i t o l .   G l y c e r o l   i s  

p r e f e r r e d .  T h e s e   a l c o h o l s   may   be  fu l ly   or  p a r t i a l l y   e s t e r i f i e d  

wi th   the  e p o x i d i z e d   ac id .   A l so   u s e f u l   a re   the  e p o x i d i z e d  

m i x t u r e s   of  h i g h e r   fa t ty   ac id   e s t e r s   found  in  n a t u r a l l y - o c c u r r i n g  

o i l s   s u c h   as  e p o x i d i z e d   s o y b e a n   oil,  e p o x i d i z e d   o l ive   o i l ,  

e p o x i d i z e d   c o c o n u t   oil,  e p o x i d i z e d   c o t t o n - s e e d   oil,  e p o x i d i z e d  

t a l l   oil   f a t t y   ac id   e s t e r s   and  e p o x i d i z e d   t a l l o w .   Of  t h e s e ,  

e p o x i d i z e d   s o y b e a n   oil  is  p r e f e r r e d .  

The   a l c o h o l   can  c o n t a i n   the  epoxy   g r o u p   and  have   a  

long  or   s h o r t   cha in ,   and  the  a c i d   can   have  a  s h o r t   o r   long   c h a i n ,  

s u c h   as  e p o x y s t e a r y l   a c e t a t e ,   e p o x y s t e a r y l   s t e a r a t e ,   g l y c i d y l  

s t e a r a t e ,   and  p o l y m e r i z e d   g l y c i d y l   m e t h a c r y l a t e .  

The   p o l y v i n y l   c h l o r i d e   r e s i n   can  be  in  any  p h y s i c a l  

f o r m ,   i n c l u d i n g ,   for   e x a m p l e ,   p o w d e r s ,   f i l m s ,   s h e e t s ,  

m o l d e d   a r t i c l e s ,   f o a m s ,   f i l a m e n t s   and  y a r n s .  

A  s u f f i c i e n t   a m o u n t   of  the  p h o s p h i t e   and  a m i n e  

s t a b i l i z e r   c o m p o s i t i o n   is  u s e d   to  e n h a n c e   the  r e s i s t a n c e   o f  



the  p o l y v i n y l   c h l o r i d e   to  d e t e r i o r a t i o n   in  p h y s i c a l   p r o p e r t i e s ,  

i n c l u d i n g ,   fo r   e x a m p l e ,   d i s c o l o r a t i o n   and  e m b r i t t l e m e n t ,  

u n d e r   the  hea t   a n d / o r   l i gh t   c o n d i t i o n s   to  which   t he   p o l y m e r  

wi l l   be  s u b j e c t e d .   V e r y   s m a l l   a m o u n t s   a r e   u s u a l l y   a d e q u a t e .  

A m o u n t s   w i th in   the  r a n g e   f r o m   a b o u t   0 . 0 1   to  a b o u t   5%  of  t h e  

p h o s p h i t e   and  f r o m   a b o u t   0 . 0 1   to  abou t   10%  of  o t h e r   s t a b i l i z e r s  

by  w e i g h t   of  the  p o l y v i n y l   c h l o r i d e   r e s i n   a r e   s a t i s f a c t o r y .  

P r e f e r a b l y ,   an  a m o u n t   w i t h i n   the  r a n g e   f r o m   a b o u t   0 . 0 5   to  a b o u t  

2%  of  p h o s p h i t e ,   and  f r o m   a b o u t   0 .1   to  abou t   5%  of  o t h e r  

s t a b i l i z e r   is  e m p l o y e d   f o r   o p t i m u m   s t a b i l i z i n g   e f f e c t i v e n e s s .  

The  p h o s p h i t e   and  a m i n e   s t a b i l i z e r   c o m p o s i t i o n s   o f  

the  i n v e n t i o n   can  be  e m p l o y e d   as  the  so le   s t a b i l i z e r s .   T h e y  

can   a l s o   be  u s e d   in  c o m b i n a t i o n   with  o t h e r   c o n v e n t i o n a l   h e a t  

and  l i gh t   s t a b i l i z e r s   fo r   p o l y v i n y l   c h l o r i d e   r e s i n s ,   s u c h   a s ,  

f o r   e x a m p l e ,   p o l y v a l e n t   m e t a l   s a l t s   and  a l k a l i n e   e a r t h   m e t a l  

p h e n o l a t e s ,   as  wel l   as  e p o x y   c o m p o u n d s .  

A  p a r t i c u l a r l y   u s e f u l   s t a b i l i z e r   s y s t e m   c o n t a i n s   t h e  

f o l l o w i n g   a m o u n t s   of  i n g r e d i e n t s :  

(a)  p h o s p h i t e   in  an  a m o u n t   wi th in   the  r a n g e   f r o m   a b o u t  

25  to  a b o u t   45  p a r t s   by  w e i g h t ;  

(b)  p h e n o l i c   a n t i o x i d a n t   in  an  a m o u n t   w i t h i n   the  r a n g e  

f r o m   abou t   0 .01   to  abou t   1  p a r t   by  w e i g h t ;  

(c)  p o l y v a l e n t   m e t a l   s a l t   of  an  a l i p h a t i c   c a r b o x y l i c  

ac id   or  of  an  a lky l   p h e n o l   in  an  a m o u n t   wi th in   t he   r a n g e   f r o m  



a b o u t   25  to  abou t   45  p a r t s   by  w e i g h t ;  

p lus   a n y  o n e   or  m o r e   of  the   f o l l o w i n g   o p t i o n a l   i n g r e d i e n t s :  

(d)  f r e e   a l i p h a t i c   c a r b o x y l i c   ac id   in  an  a m o u n t   w i t h i n  

the  r a n g e   f r o m   about   0. 5  to  a b o u t  5   p a r t s   by  w e i g h t ;   a n d  

(e)  ac id   p h o s p h i t e   in  an  a m o u n t   w i t h i n   t he   r a n g e   f r o m  

a b o u t   0 .5   to  abou t   5  p a r t s   by  w e i g h t .  

In  add i t i on ,   any  of  the  c o n v e n t i o n a l   p o l y v i n y l  

c h l o r i d e   r e s i n   a d d i t i v e s ,   s u c h   as  l u b r i c a n t s ,   e m u l s i f i e r s ,  

a n t i s t a t i c   a g e n t s ,   f l a m e - p r o o f i n g   a g e n t s ,   p i g m e n t s   a n d  

f i l l e r s ,   can   be  e m p l o y e d .  

P r e f e r a b l y ,   the  s t a b i l i z e r   s y s t e m   is  a d d e d   to  t h e  

p o l y v i n y l   c h l o r i d e   r e s i n   in  an  a m o u n t   to  p r o v i d e   in   the  r e s i n  

f r o m   a b o u t   0 .2   to  a b o u t   1%  of  the  p h o s p h i t e ;   f r o m   a b o u t   0 . 1  

to  a b o u t   2%  of  p h e n o l i c   a n t i o x i d a n t ;   and  f r o m   a b o u t   0  to  a b o u t  

1%  t o t a l   of  one  or  m o r e   of  the  a d d i t i o n a l   i n g r e d i e n t s ,   as  n o t e d  

a b o v e .  

The   s t a b i l i z e r   s y s t e m   is  i n c o r p o r a t e d   in   the  p o l y m e r  

in  s u i t a b l e   m i x i n g   e q u i p m e n t ,   s u c h   as  a  m i l l   o r   a  B a n b u r y  

m i x e r .   M i x i n g   is  c o n t i n u e d   un t i l   the  m i x t u r e   i s   s u b s t a n t i a l l y  

u n i f o r m .   The  r e s u l t i n g   c o m p o s i t i o n   is  then  r e m o v e d   f r o m   t h e  

m i x i n g   e q u i p m e n t   and  b r o u g h t   to  the  s ize   and   s h a p e   d e s i r e d  

for   m a r k e t i n g   or  u s e .  



The  s t a b i l i z e d   p o l y v i n y l   c h l o r i d e   r e s i n   can   be  w o r k e d  

into  the  d e s i r e d   s h a p e ,   s u c h   as  by  m i l l i n g ,   c a l e n d e r i n g ,  

e x t r u s i o n   or  i n j e c t i o n   m o l d i n g ,   or  f i b e r - f o r m i n g .   In  s u c h  

o p e r a t i o n s ,   it  wi l l   be  found  to  have  a  c o n s i d e r a b l y   i m p r o v e d  

r e s i s t a n c e   to  d i s c o l o r a t i o n   and  e m b r i t t l e m e n t   on  e x p o s u r e  

to  hea t   and  l i g h t .  

The  p h o s p h i t e   and  a m i n e   s t a b i l i z e r   c o m p o s i t i o n s   o f  

the  i n v e n t i o n   a r e   e s p e c i a l l y   e f f e c t i v e   h e a t   s t a b i l i z e r s   f o r  

o l e f i n   p o l y m e r s   s u c h   as  p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,  

p o l y b u t y l e n e ,   p o l y p e n t y l e n e ,   P o l y i s o p e n t y l e n e ,   and   h i g h e r  

p o l y o l e f i n s ,   and   c o p o l y m e r s   of  two  o r   m o r e   o l e f i n s .  

O l e f i n   p o l y m e r s   o n   e x p o s u r e   to  e l e v a t e d   t e m p e r a t u r e s  

u n d e r g o   d e g r a d a t i o n ,   r e s u l t i n g   in  e m b r i t t l e m e n t   a n d  

d i s c o l o r a t i o n .  

The  p h o s p h i t e   and  a m i n e   s t a b i l i z e r   c o m p o s i t i o n s   c a n  

be  e m p l o y e d   with  any  o l e f in   p o l y m e r ,   i n c l u d i n g   l o w - d e n s i t y  

p o l y e t h y l e n e ,   high  d e n s i t y   p o l y e t h y l e n e ,   p o l y e t h y l e n e s   p r e p a r e d  

by  the  Z i e g l e r - N a t t a   p r o c e s s ,   c o p o l y m e r s   of  e t h y l e n e   with  m i n o r  

a m o u n t s   of  p r o p y l e n e   b u t e n e - 1 ,   h e x e n e - 1 ,   n - o c t e n e - 1 ,   i n c l u d i n g  

s o - c a l l e d   l i n e a r   low  d e n s i t y   p o l y e t h y l e n e ,   p o l y p r o p y l e n e   p r e p a r e d  

by  the  Z i e g l e r - N a t t a   p r o c e s s ,   and  by  o t h e r   p o l y m e r i z a t i o n  

m e t h o d s   f r o m   p r o p y l e n e ,   p o l y ( b u t e n e - 1 ) ,   p o l y ( p e n t e n e - 1 ,   p o l y -  

( 3 - m e t h y l b u t e n e - l ) ,   p o l y ( 4 - m e t h y l p e n t e n e - 1 ) ,   p o l y s t y r e n e ,   a n d  

m i x t u r e s   of  p o l y e t h y l e n e   and  p o l y p r o p y l e n e   wi th   o t h e r   c o m p a t i b l e  



p o l y m e r s ,   s u c h   as   m i x t u r e s   of  p o l y e t h y l e n e   and  p o l y p r o p y l e n e ,  

and  a l l   c o p o l y m e r s   of  such  o l e f i n s ,   such   as   c o p o l y m e r s   o f  

e t h y l e n e ,   p r o p y l e n e ,   and  b u t e n e ,   wi th   each   o t h e r   and   wi th   o t h e r  

c o p o l y m e r i z a b l e   m o n o m e r s .   The   t e r m   " o l e f i n   p o l y m e r "  

e n c o m p a s s e s   both  h o m o p o l y m e r s   and   c o p o l y m e r s .  

T h e   p r e f e r r e d   o le f in   p o l y m e r s   in  wh ich   the  p h o s p h i t e   a m i n e  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   a r e   e f f e c t i v e   i n c l u d e   p o l y p r o p y l e n e  

m a n u f a c t u r e d   by  the  c a t a l y t i c   p o l y m e r i z a t i o n   of  p r o p y l e n e   and  h a v i n g  

a  d e n s i t y   of  0 . 8 8 0   to  0 .913   g / m l   and  a  m e l t i n g   po in t   or  s o f t e n i n g  

po in t   f r o m   160  to  1 8 0 ° C ;   p o l y e t h y l e n e   m a n u f a c t u r e d   by  the  c a t a l y t i c  

p o l y m e r i z a t i o n   of  e t h y l e n e   and  h a v i n g   a  d e n s i t y   of  0 . 8 5   to  1. 00  g / m l  

and  a  5 . 5 %   m a x i m u m   e x t r a c t a b l e   f r a c t i o n   in  n - h e x a n e   at  5 0 ° C ;  

p o l y ( m e t h y l p e n t e n e )   m a n u f a c t u r e d   by  the  c a t a l y t i c   p o l y m e r i z a t i o n  

of  4 - m e t h y l p e n t e n e - l   and  h a v i n g   a  d e n s i t y   of  0. 82  to  0 . 8 5   g / m l   a n d  

a  m e l t i n g   po in t   f r o m   235  to  2 5 0 ° C ;   o lef in   c o p o l y m e r s   m a n u f a c t u r e d  

by  the  c a t a l y t i c   c o p o l y m e r i z a t i o n   of  two  or  m o r e   1 - a l k e n e s   h a v i n g  

2  to  8  c a r b o n s   ( excep t   4 - m e t h y l p e n t e n e - 1 )   h a v i n g   a  d e n s i t y   o f  

0 . 8 5   to  1. 0  and   a  5 . 5%  m a x i m u m   e x t r a c t a b l e   f r a c t i o n   in  n - h e x a n e  

at  5 0 ° C ;   and  c o p o l y m e r s   of  4 - m e t h y l p e n t e n e - l   and  a  1 - a l k e n e  

h a v i n g   6  to  10  c a r b o n   a t o m s   h a v i n g   a  d e n s i t y   of  0 . 8 2   to  0 . 8 5   g / m l  

and  a  m e l t i n g   point   of  235  to  2 5 0  ° C .  



The   p h o s p h i t e   and  a m i n e   s t a b i l i z e r   c o m p o s i t i o n s  a r e  

a l s o   e f f e c t i v e   to  e n h a n c e   the  r e s i s t a n c e   to  hea t   d e g r a d a t i o n  

of  p o l y s t y r e n e ;   p o l y d i e n e s ,   s u c h   as  p o l y b u t a d i e n e   a n d  

p o l y i s o p r e n e ;   and  c o p o l y m e r s   of  o l e f i n s   and  d i e n e s   w i t h  

o t h e r   e t h y l e n i c a l l y   and  a c e t y l e n i c a l l y   u n s a t u r a t e d   m o n o m e r s ,  

s u c h   as  e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r s ,   s t y r e n e - b u t a d i e n e  

c o p o l y m e r s ,   a c r y l o n i t r i l e - s t y r e n e - b u t a d i e n e   c o p o l y m e r s ,  

s y n t h e t i c   r u b b e r s   of  al l   t y p e s ,   s u c h   as  p o l y c h l o r o p r e n e ;  

p o l y v i n y l i d e n e   c h l o r i d e ;   and  c o p o l y m e r s   of  v i n y l   c h l o r i d e  

and  v i n y l i d e n e   c h l o r i d e ;   v i n y l i d e n e   c h l o r i d e   and   v iny l   a c e t a t e ;  

and  o t h e r   e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o m e r s ;   p o l y a c e t a l s  

s u c h   as  p o l y o x y m e t h y l e n e   and  p o l y o x y e t h y l e n e ;   p o l y c a r b o n a t e s ;  

p o l y p h e n y l e n e   ox ides ;   p o l y e s t e r s   s u c h   as  p o l y e t h y l e n e   g l y c o l -  

t e r e p h t h a l i c   ac id   e s t e r   p o l y m e r s ;   p o l y a m i d e s   s u c h   as  p o l y -  

e p s i l o n - c a p r o l a c t a m ;   p o l y h e x a m e t h y l e n e   a d i p a m i d e   and   p o l y -  

d e c a m e t h y l e n e   a d i p a m i d e ;   p o l y u r e t h a n e s ;   and  e p o x y   r e s i n s .  

The   s y n t h e t i c   p o l y m e r   can   be  in  any  p h y s i c a l   f o r m ,  

i n c l u d i n g ,   fo r   e x a m p l e ,   f i l a m e n t s ,   y a r n s ,   f i l m s ,   s h e e t s ,  

m o l d e d   a r t i c l e s ,   l a t ex   and  f o a m .  

A  s u f f i c i e n t   a m o u n t   of  the  s t a b i l i z e r   c o m p o s i t i o n  

i n c l u d i n g   the  p h o s p h i t e   and  a m i n e   is  u s e d   to  i m p r o v e   t h e  



r e s i s t a n c e   of  the  s y n t h e t i c   p o l y m e r   to  d e t e r i o r a t i o n   in  p h y s i c a l  

p r o p e r t i e s ,   i n c l u d i n g ,   f o r   e x a m p l e ,   d i s c o l o r a t i o n ,   o b j e c t i o n a b l e  

c h a n g e   in  m e l t   v i s c o s i t y   and   e m b r i t t l e m e n t ,   u n d e r   the  c o n d i t i o n s   t o  

w h i c h   the  p o l y m e r   wil l   be  s u b j e c t e d .   V e r y   s m a l l   a m o u n t s   a r e  

u s u a l l y   a d e q u a t e .   A m o u n t s   w i t h i n   the  r a n g e   f r o m   abou t   0 . 0 0 1  

t o   a b o u t   5%  t o t a l   s t a b i l i z e r s   by  w e i g h t   of  the  p o l y m e r   a r e  

s a t i s f a c t o r y .   P r e f e r a b l y ,   f r o m   0. 01  to  3%  is  e m p l o y e d ,   f o r  

o p t i m u m   s t a b i l i z a t i o n .  

The   p h o s p h i t e   and  a m i n e   c o m p o s i t i o n s   of  the  i n v e n t i o n  

can   be  e m p l o y e d   as  the  so le   s t a b i l i z e r s   or  in  c o m b i n a t i o n   w i t h  

o t h e r   c o n v e n t i o n a l   hea t   and  l igh t   s t a b i l i z e r s   f o r   the   p a r t i c u l a r  

o l e f i n   p o l y m e r .  

T h u s ,   fo r   e x a m p l e ,   t h e r e   can   be  e m p l o y e d   f a t ty   a c i d  

s a l t s   of  p o l y v a l e n t   m e t a l s ,   and  the  h i g h e r   fa t ty   a l k y l   e s t e r s   o f  

t h i o d i p r o p i o n i c   a c i d s ,   s u c h   as,   f o r   e x a m p l e ,   d i l a u r y l  

t h i o d i p r o p i o n a t e .  

With   p o l y a m i d e   r e s i n   c o m p o s i t i o n s ,   p o l y a m i d e  

s t a b i l i z e r s   s u c h   as  c o p p e r   s a l t s   in  c o m b i n a t i o n   with  i o d i d e s  

a n d / o r   o t h e r   p h o s p h o r u s   c o m p o u n d s   and  s a l t   of  d i v a l e n t  

m a n g a n e s e   can  be  u s e d .  

With  s y n t h e t i c   r u b b e r s   and  a c r y l o n i t r i l e - b u t a d i e n e -  

s t y r e n e   t e r p o l y m e r s ,   p o l y v a l e n t   m e t a l   s a l t s   of  h i g h e r   f a t t y  

a c i d s   can  be  u s e d .  

In  add i t i on ,   o t h e r   c o n v e n t i o n a l   a d d i t i v e s   f o r   s y n t h e t i c  



p o l y m e r s ,   s u c h   as  p l a s t i c i z e r s ,   l u b r i c a n t s ,   e m u l s i f i e r s ,  

a n t i s t a t i c   a g e n t s ,   f l a m e - p r o o f i n g   a g e n t s ,   p i g m e n t s   a n d  

f i l l e r s ,   can   be  e m p l o y e d .  

The   s t a b i l i z e r   c o m p o s i t i o n   is  i n c o r p o r a t e d   in  t h e  

p o l y m e r   in  s u i t a b l e   m i x i n g   e q u i p m e n t ,   s u c h   as  a  m i l l   or  a  

B a n b u r y   m i x e r .   If  the  p o l y m e r   has  a  m e l t   v i s c o s i t y   w h i c h  

is  too  high  f o r   the  d e s i r e d   use ,   the   p o l y m e r   can  be  w o r k e d  

u n t i l   i ts   m e l t   v i s c o s i t y   has  b e e n   r e d u c e d   to  the  d e s i r e d   r a n g e  

b e f o r e   a d d i t i o n   of  the  s t a b i l i z e r s .   M i x i n g   is  c o n t i n u e d   u n t i l  

the  m i x t u r e   is  s u b s t a n t i a l l y   u n i f o r m .   The  r e s u l t i n g  

c o m p o s i t i o n   is  t h e n   r e m o v e d   f r o m   the  m i x i n g   e q u i p m e n t   a n d  

b r o u g h t   to  the  s i z e   and  s h a p e   d e s i r e d   fo r   m a r k e t i n g   or   u s e .  

The   s t a b i l i z e d   p o l y m e r   can   be  w o r k e d   in to   t h e  

d e s i r e d   s h a p e ,   s u c h   as  by  m i l l i n g ,   c a l e n d e r i n g ,   e x t r u d i n g  

or   i n j e c t i o n   m o l d i n g   or   f i b e r - f o r m i n g .   In  s u c h   o p e r a t i o n s ,  

it  wi l l   be  found   to  have  a  c o n s i d e r a b l y   i m p r o v e d   r e s i s t a n c e   t o  

r e d u c t i o n   in  m e l t   v i s c o s i t y   d u r i n g   the  h e a t i n g ,   as   we l l   as  a  

b e t t e r   r e s i s t a n c e   to  d i s c o l o r a t i o n   and  e m b r i t t l e m e n t   on  a g e i n g  

and  h e a t i n g .  



The  f o l l o w i n g   E x a m p l e s   r e p r e s e n t   p r e f e r r e d   e m b o d i m e n t s  

of  s y n t h e t i c   r e s i n   c o m p o s i t i o n s   c o n t a i n i n g   p h o s p h i t e   a m i n e   c o m p o s i -  

t i ons   of  the  i n v e n t i o n .  

E x a m p l e   12  

P o l y v i n y l   c h l o r i d e   r e s i n   c o m p o s i t i o n s   h a v i n g   the  f o l l o w i n g  

f o r m u l a t i o n   w e r e   p r e p a r e d :  

The   c o m p o s i t i o n s   w e r e   m i l l e d   on  a  t w o - r o l l   m i l l   at  3 5 0 ° F  

for  t h r e e   m i n u t e s ,   and  then  s h e e t e d   off.  The   m i l l e d   s h e e t s   w e r e  

cut  into  s t r i p s ,   wh ich   w e r e   then   p l a c e d   in  an  oven  and  h e a t e d   a t  

3500  (177°C)   or  3 7 5 ° F   (190 °C)  un t i l   d a r k   e d g e s   a p p e a r e d   on  t h e  

s a m p l e s .   S a m p l e s   of  each   w e r e   cut   off  f r o m   the  s t r i p s   at  1 0  

m i n u t e   i n t e r v a l s ,   and  p l a c e d   on  a  c a r d .   The   t i m e s   r e q u i r e d   f o r  

the  s a m p l e s   to  ye l low  and  to  d e v e l o p   d a r k   e d g e s   w e r e   no t ed ,   a n d  

a re   r e p o r t e d   be low  in  T a b l e   I V .  



S a m p l e s   a l s o   w e r e   m o l d e d   into  p a n e l s   0 .  050  inch   t h i c k ,   a n d  

the  y e l l o w   i ndex   d e t e r m i n e d   a c c o r d i n g   to  ASTM  D  1 9 2 5 - 7 0   u s i n g   a  

H u n t e r   c o l o r i m e t e r   with  the  f o l l o w i n g   r e s u l t s :  

The   l o w e r   Yel low  I n d e x   v a l u e s   s i g n i f y   l e s s   y e l l o w   and   h e n c e  

p r e f e r a b l e   s a m p l e s .   E x a m p l e   5  is  c l e a r l y   s u p e r i o r .  

E x a m p l e  1 3  

P o l y p r o p y l e n e   c o m p o s i t i o n s   w e r e   p r e p a r e d ,   h a v i n g   t h e  

f o l l o w i n g   f o r m u l a t i o n :  



The   a d d i t i v e s   w e r e   b l e n d e d   wi th   the   p o l y p r o p y l e n e  

p o w d e r   in  a  h e x a n e   s l u r r y ,   and  the  h e x a n e   r e m o v e d   u n d e r   v a c u u m  

in  a  r o t a r y   e v a p o r a t o r .   The   r e s u l t i n g   b l e n d   w a s   fed  to  an  e x t r u d e r ,  

f r o m   w h i c h   the  m a t e r i a l   e x i t e d   as   a  c o n t i n u o u s   s t r a n d .   T h i s   w a s  

p a s s e d   t h r o u g h   a  w a t e r   c o o l i n g   ba th   and   c h o p p e d   into  p e l l e t s ,   w h i c h  

w e r e   c o l l e c t e d   and  r e e x t r u d e d   for  a  t o t a l   of  s e v e n   s u c c e s s i v e  

e x t r u s i o n s   for  each   s a m p l e .   In  the  f i r s t   e x t r u s i o n ,   the  f o l l o w i n g  

t e m p e r a t u r e   p r o f i l e   was   u s e d :  

Zone   1  -   3 7 5 ° F  

Zone  2  -   4 1 0 ° F  

Zone   3  -   4 5 0 ° F  

Die  -  4 5 0 ° F  

In  the  s u b s e q u e n t   e x t r u s i o n s ,   a l l   z o n e s   w e r e   at  4 5 0 ° F .  

S a m p l e s   w e r e   t aken   f r o m   the  f i r s t ,   t h i r d ,   fifth  and  s e v e n t h  

e x t r u s i o n   and  m o l d e d   into  0 . 0 2   inch  (0 .  5mm)   t h i c k   p a n e l s .   T h e  

m e l t   flow  index   (MI,  ASTM  D  1238)  and  c o l o r   ( H u n t e r   c o l o r i m e t e r  

y e l l o w   i ndex ,   YI,  ASTM  D  1925)  w a s   d e t e r m i n e d   for  each   s a m p l e .  

The  r e s u l t s   a r e   t a b u l a t e d   in  T a b l e   V .  



Both   MI  and  YI  a r e   d e s i r a b l y   as   low  a s   p o s s i b l e .   It  c a n  

e a s i l y   be  s een   that   only  E x a m p l e   1 3 , t h e   s a m p l e   c o n t a i n i n g   T N P P  

wi th   the  t a l l ow   d i e t h a n o l a m i n e   a d d i t i v e   is  c o n s i s t e n t l y   b e t t e r   i n  

both   MI  and  YI  than  a  c o n t r o l   w i t h o u t   p h o s p h i t e   ( lef t   h a n d   c o l u m n )  

wh i l e   T N P P   w i thou t   a m i n e   or  wi th   T I P A   a d d e d   is  a t   b e s t   m a r g i n a l l y  

e f f e c t i v e   and  s o m e w h a t   i n c o n s i s t e n t .  

1  T N P P   = t r i s n o n y l p h e n y l   p h o s p h i t e  

2  T I P A   =  t r i - i s o p r o p a n o l   a m i n e  



E x a m p l e s   14  to  18 

L i n e a r   l o w - d e n s i t y   p o l y e t h y l e n e   c o m p o s i t i o n s   w e r e   p r e p a r e d  

hav ing   the   f o l l o w i n g   f o r m u l a t i o n :  

T h e   a d d i t i v e s   w e r e   b l e n d e d   wi th   the  l i n e a r   l o w - d e n s i t y  

p o l y e t h y l e n e   g r a n u l e s   in  a  h e x a n e   s l u r r y ,   and   the   h e x a n e   r e m o v e d  

u n d e r   v a c u u m   in  a  r o t a r y   e v a p o r a t o r .   The   r e s u l t i n g   b l e n d   w a s   f e d  

to  an  e x t r u d e r ,   f r o m   which   the  m a t e r i a l   e x i t e d   a s   a  c o n t i n u o u s  

s t r a n d .   T h i s   w a s   p a s s e d   t h r o u g h   a  w a t e r   c o o l i n g   ba th   and  c h o p p e d  

into  p e l l e t s ,   w h i c h   w e r e   c o l l e c t e d   and  r e e x t r u d e d   for  a  t o t a l   o f  

s even   s u c c e s s i v e   e x t r u s i o n s   for  e a c h   s a m p l e .   In  the  f i r s t   e x t r u s i o n ,  

the  f o l l o w i n g   t e m p e r a t u r e   p r o f i l e   w a s   u s e d :  

Zone  1  -  3 6 0 ° F  

Zone  2  -   3 8 0 ° F  

Z o n e  3 - 4 0 0 ° F  

Die  -  4 0 0 ' F  

In  the  s u b s e q u e n t   e x t r u s i o n s ,   al l   z o n e s   w e r e   at  4 3 0 ° F .  



S a m p l e s   w e r e   t a k e n   f r o m   the  f i r s t ,   t h i r d ,   f ifth  and  s e v e n t h  

e x t r u s i o n   and  m o l d e d   into  0 .02   inch  (0.  5 m m )   t h i c k   p a n e l s .   T h e  

190°C   m e l t   i ndex   (MI,  ASTM  D  1238)  and  c o l o r   ( H u n t e r   c o l o r i m e t e r  

y e l l o w   index ,   YI,  ASTM  D  1925)   was   d e t e r m i n e d   for   e a c h   s a m p l e .  

The   r e s u l t s   a r e   t a b u l a t e d   in  T a b l e   V I .  





Unl ike   p o l y p r o p y l e n e ,   l i n e a r   l o w - d e n s i t y   p o l y e t h y l e n e  

d e g r a d e s   by  c r o s s - l i n l d n g   and ,   as   a  r e s u l t ,   the  m e l t   i n d e x  

d e c r e a s e s .   The   e f f e c t i v e n e s s   of  the  p h o s p h i t e - a m i n e   c o m p o s i t i o n  

in  E x a m p l e   14,  and   of  the  c o m b i n a t i o n s   t h e r e o f  w i  th  p h e n o l i c  

a n t i o x i d a n t s   in  E x a m p l e s   15  to  18  in  m i n i m i z i n g   t h i s   d e c r e a s e   i s  

e v i d e n t   f r o m   the  r e s u l t s   p r e s e n t e d .   At  the  s a m e   t i m e ,   good  c o l o r  

p r o t e c t i o n   is  a l so   o b t a i n e d   wi th   the  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n .  



1.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   h a v i n g   a n  

i m p r o v e d   h y d r o l y t i c   s t a b i l i t y ,   c o m p r i s i n g  

(1)  a  t r i s - o r g a n o p h o s p h i t e   of  the  f o r m u l a :  

w h e r e i n :  

R1,  R2  and  R3   a r e   s e l e c t e d   f r o m   t he   g r o u p   c o n s i s t i n g   o f  

a l k y l ,   a l k e n y l ,   a r y l ,   a l k y l a r y l  a n d   a r a l k y l   g r o u p s   t o g e t h e r  

a g g r e g a t i n g   at   l e a s t   f o u r t e e n   c a r b o n   a t o m s   up  to  a b o u t   s i x t y  

c a r b o n   s t o m s ;   a n d  

(2)  a  l o n g - c h a i n   a l i p h a t i c   a m i n e   in  an  a m o u n t   t o  

i m p r o v e   the   h y d r o l y t i c   s t a b i l i t y   of  the  p h o s p h i t e   and  h a v i n g  

the   f o r m u l a :  

w h e r e i n :  

R4,  R5  and  R6  a r e   s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g  



of  h y d r o g e n ;   a l i p h a t i c   g r o u p s   h a v i n g   f r o m   one  to  a b o u t   t h i r t y - s i x  

c a r b o n   a t o m s ;   and   h y d r o x y a l k y l   h a v i n g   f r o m   two  to  abou t   s ix   c a r b o n  

a t o m s ;   one  of  R4'  R5  and   R6  is  an  a l i p h a t i c   g r o u p   h a v i n g   at  l e a s t  

t en   c a r b o n   a t o m s ,   and   the  r e m a i n i n g   of  R4,  R5  a n d   R6  a r e   s e l e c t e d  

f r o m   h y d r o g e n ,   a l k y l   h a v i n g   f r o m   one  to  fou r   c a r b o n   a t o m s   a n d  

h y d r o x y a l k y l .  

2.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   a c c o r d i n g   t o  

c l a i m   1  in   w h i c h   R1,  R2  a n d   R 3  a r e   a l k y l .  

3.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   a c c o r d i n g   t o  

c l a i m   1  in   w h i c h   R1,  R2  and  R3   a r e   a l k y l a r y l .  

4.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   a c c o r d i n g   t o .  

c l a i m   3  in  w h i c h   R1,  R2  and  R 3  a r e   n o n y l p h e n y l .  

5.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   a c c o r d i n g   t o  

c l a i m   1  in  w h i c h   the  a m i n e   is  an  a l i p h a t i c   h y d r o c a r b y l   a m i n e .  

6.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   a c c o r d i n g   t o  

c l a i m   1  in  which   the  a m i n e   is  an  a l i p h a t i c   a m i n e   h a v i n g   o n e  

or  two  h y d r o x y a l k y l   g r o u p s .  

7.  T r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n s   a c c o r d i n g   t o  

c l a i m   1  in  which   the  a m i n e   is  an  a l i p h a t i c   a m i n e   w h e r e i n   o n e  

or  two  of  R4,  R5  and  R6  is  h y d r o g e n   or  a lky l   of  one  to  f o u r  

c a r b o n   a t o m s .  

sp 



8.  A  s t a b i l i z e r   c o m p o s i t i o n   c a p a b l e   of  e n h a n c i n g   r e s i s t a n c e  

to  d e t e r i o r a t i o n   by  h e a t   a n d / o r   l ight   of  s y n t h e t i c   r e s i n   c o m p o s i t i o n s  

c o m p r i s i n g   a  p h e n o l i c   a n t i o x i d a n t   and  a  t r i s - o r g a n o p h o s p h i t e  

c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1 .  

9.  A  p o l y v i n y l   c h l o r i d e   r e s i n   c o m p o s i t i o n   h a v i n g   i m p r o v e d  

r e s i s t a n c e   to  d e t e r i o r a t i o n   w h e n   h e a t e d   at  3 5 0 ° F ,   c o m p l i   s ing   a  

p o l y v i n y l   c h l o r i d e   r e s i n   f o r m e d   at  l e a s t   in  p a r t   of  t he   r e c u r r i n g  

g r o u p  

and   h a v i n g   a  c h l o r i n e   c o n t e n t   in  e x c e s s   of  40%,   w h e r e  X   i s  

e i t h e r   h y d r o g e n   or  c h l o r i n e ;   and   a  t r i s - o r g a n o p h o s p h i t e   c o m p o s i t i o n  

in  a c c o r d a n c e   wi th   c l a i m   1 .  

10.  An  olef in  p o l y m e r   c o m p o s i t i o n   hav ing   i m p r o v e d  

r e s i s t a n c e   to  d e t e r i o r a t i o n   c o m p r i s i n g   an  o lef in   p o l y m e r   s e l e c t e d  

f r o m   the  g roup   c o n s i s t i n g   of  p o l y m e r s   of  a l p h a - o l e f i n s   h a v i n g   f r o m  

two  to  s ix  c a r b o n   a t o m s   and  p o l y s t y r e n e ,   and  a  t r i s - o r g a n o p h o s p h i t e  

c o m p o s i t i o n   in  a c c o r d a n c e   with  c l a im   1. 
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